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[Amendment Procedure] 

[Submission Date] 1 3 th October 1 999 

[Amendment Procedure 1 ] 

[Amendment object Document Name] Detailed Statement 
[Amendment Object Item Name] Claim 1 

[Amendment Method] Change 
[Amendment Contents] 
[Claim 1] 

A polishing device, having a turntable with an abrasion cloth applied on its upper surface and a top ring, 
and the object to be polished is polished by applying a fixed power of pressure by placing it between the 
abovementioned turntable and the top ring, and this polishing device, which gives a smooth and mirror 
finished surface, having a concave part which accommodates the object to be polished, is characterized by 
a pressure ring arranged in a free vertical motion on the circumference of the top ring which maintains the 
outer part of the polishing object by the internal periphery of this concave part, and a tool to apply pressure 
to the abrasive cloth installed on the pressure ring 3, and adjustable thrust of the pressure tool 

[Amendment Procedure 2] 

[Amendment object Document Name] Detailed Statement 
[Amendment Object Item Name] Claim 12 

[Amendment Method] Change 
[Amendment Contents] 
[Claim 12] 

A polishing method in which a turntable which has an abrasion cloth applied to its upper surface and a top 
ring, and the object to be polished is polished by means of applying a fixed pressure by placing it between 
the abovementioned turntable and the top ring, and the polishing method which gives a smooth and mirror 
finished surface is characterized by a pressure ring arranged in a free vertical motion on the circumference 
of the top ring which maintains the outer part of the polishing object by the internal periphery of this 
concave part and the circumference of the abrasive cloth which comes in contact the polishing object 
polishes while pressuring with a fixed thrust which depends on the thrust of the top ring. 

[Amendment Procedure 3] 

[Amendment object Document Name] Detailed Statement 
[Amendment Object Item Name] Claim 17 

[Amendment Method] Change 
[Amendment Contents] 
[Claim 17] 

A manufacturing method for semiconductors characterized by the fact that the semiconductor wafer is 
placed between the turntable and the top ring at the time of polishing the semiconductor wafer by applying 
a fixed thrust, and it has a concave part which accommodates the semiconductor wafer and a pressure ring 
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arranged allowing a free vertical motion on the circumference of the top ring which maintains th e outer part 
of the polishing object by the internal periphery of this concave part and the circumference of the abrasive 
cloth which comes in contact with the semiconductor wafer polishes while pressuring with a fixed thrust 
which depends on the thrust of the top ring. 

[Amendment Procedure 4] 

[Amendment object Document Name] Detailed Statement 
[Amendment Object Item Name] 0014 
[Amendment Method] Change 
[Amendment Contents] 
[0014] 

[Means to the solve problem] 

To achieve the abovementioned objectives, the polishing device of this invention has a turntable which has 
an abrasive cloth applied on its upper surface and a top ring. The object to be polished is polished by 
placing it between the abovementioned turntable and the top ring, and by applying a fixed pressure. The 
polishing device which gives a smooth and mirror finished surface is characterized by having a concave 
part which accommodates the above-mentioned object to be polished, and a pressure ring arrangment 
allowing a free vertical motion on the circumference of the top ring which maintains the outer part of the 
polishing object by the internal periphery of this concave part. Also, a pressurizing tool corresponding to 
the abrasion cloth is installed on the pressure ring. This pressurizing tool has adjustable thrust. 

[Amendment Procedure 5] 

[Amendment object Document Name] Detailed Statement 
[Amendment Object Item Name] 0015 
[Amendment Method] Change 
[Amendment Contents] 
[0015] 

Moreover, the polishing method of this invention is characterized as having a turntable which has an 
abrasive cloth applied on its upper surface and a top ring. The object to be polished is polished by placing it 
between the above-mentioned turntable and the top ring and applying a fixed thrust and this polishing 
method, which gives a smooth and mirror finished surface, has a concave part which accommodates the 
polishing object and a pressure ring arrangement allowing free vertical motion on the circumference of the 
top ring which maintains the outer part of the polishing object by the internal periphery of this concave part 
the circumference of the abrasive cloth, which comes in contact with the object to be polished., It polishes 
while pressuring with a fixed thrust which depends on the thrust of the top ring. 
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(54) POLISHING DEVICE AND POLISHING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polishing device and a 
polishing method capable of preventing the occurrence of the 
excess and deficiency of a polishing amount around the periphery 
of a polishing object, and performing a polishing process at a 
higher degree of flatness by causing a presser ring to apply an 
optimum pressing force to an abrasive cloth, depending on the 
polishing object or a polishing condition. 
SOLUTION: A polishing device is equipped with a turntable 5 
having an abrasive cloth 6 pasted to the upper surface, and a top 
ring 1, and holds a semiconductor wafer 4 between the turntable 5 
and the top ring 1 in such a state as pressed at the prescribed force. 
The semiconductor wafer 4 is thereby polished, flattened and 
finished to mirror surface. Regarding the polishing device so 
formed, a presser ring 3 is provided around the top ring 1 having a 
recess for housing the semiconductor wafer 4 in such a state as 
freely movable in a vertical direction, and a presser means is 
provided for pressing the presser ring 3 to the abrasive cloth 6. 
Also, the pressing force of the pressing means is made variable. 
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(54) Name of the Invention 



Polishing device and the Process 



(57) [Abstract] 

[Issue] To offer a polishing device and process which can prevent the excess and deficiency of grinding 
quantity in the fringe parts of the object to be polished such that a pressure ring can impart an optimum 
thrust to an abrasive cloth, depending on the object to be polished or the grinding conditions. 
[Means to solve the problem) In a polishing device which gives a smooth and mirror finished surface 
having a turntable 5 with abrasive cloth 6 applied on its upper surface and top ring 1, a semiconductor 
wafer 4 is polished by placing it between the turntable 5 and the top ring 1 and by applying pressure of a 
fixed power, and a pressure applying ring 3 is arranged allowing free vertical motion around the top ring 1 
which has a concave part where the semiconductor wafer 4 is accommodated, and a tool to apply pressure 
to the grinding cloth 6 is installed on the pressure ring 3, and the thrust of the pressure tool is adjustable. 
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[Scope of Patent Claims] 

[Claim 1] A polishing device, characterized as a device, which gives a smooth and mirror finished surface, 
having a turntable 5 with abrasive cloth 6 applied on its upper surface and top ring 1, a semiconductor 
wafer 4 is polished by placing it between the turntable 5 and the top ring 1 and by applying pressure of a 
fixed power, and a pressure applying ring 3 is arranged allowing free vertical motion around the top ring 1 
which has a concave part where the semiconductor wafer 4 is accommodated, and a tool to apply pressure 
to the grinding cloth 6 is installed on the pressure ring 3, and the thrust of the pressure tool is adjustable. 

[Claim 2] A polishing device described in Claim 1 characterized by the fact that the thrust which is 
imparted by the abovementioned top ring on the object to be polished and the thrust which is imparted by 
the abovementioned pressure ring on the grinding cloth respectively can be changed independently. 

[Claim 3J A polishing device described in Claim 1 characterized by the fact that the thrust, which is 
imparted by the abovementioned pressure ring on the grinding cloth, is dependent on the thrust which is 
imparted by the abovementioned top ring on the object to be polished. 

[Claim 4] A polishing device described in Claim 3 characterized by the fact that the thrust imparted by the 
abovementioned pressure ring on the grinding cloth can be made the same as the thrust imparted by the 
abovementioned top ring on the object to be polished, so that the grinding quantity of the fringe parts and 
the grinding quantity of the internal parts of the object to be polished are the same. 

[Claim 5] A polishing device described in Claim 3 characterized by the fact that the thrust imparted by the 
abovementioned pressure ring on the grinding cloth can be made less than the thrust imparted by the 
abovementioned top ring on the object to be polished so that the grinding quantity of the fringe parts is 
greater than the grinding quantity of the internal parts of the object to be polished. 

[Claim 6) A polishing device described in Claim 3 characterized by the fact that the thrust imparted by the 
abovementioned pressure ring on the grinding cloth can be made greater than the thrust imparted by the 
abovementioned top ring, on the object to be polished so that the grinding quantity of the fringe parts is less 
than the grinding quantity of the internal parts of the object to be polished. 

(Claim 7] A polishing device described in either of the Claims 1 - 6 characterized by the fact that the 
abovementioned top ring, consists of a top ring main body, which holds the upper surface of the object to 
be polished and a detachable ring material mounted on the external part of this top ring main body, which 
maintains the external part of the object to be polished and the concave part where the abovementioned 
object to be polished is accommodated, which is formed by the underside of the main body of the 
abovementioned top ring and the internal periphery of the abovementioned ring material. 
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[Claim 8] A polishing device described in either of the Claims 1 - 7 characterized by the fact that the 
pressure applying tool of the abovementioned pressure ring consists of a hydrostatic pressure cylinder. 

[Claim 9] A polishing device described in Claim 8, characterized by the fact that the abovementioned 
hydrostatic pressure cylinder is fixed on the top ring head, which supports the top ring. 

[Claim 10] A polishing device described in Claim 8, characterized by the fact that the abovementioned 
hydrostatic pressure cylinder is fixed to the top ring. 

[Claim 11] A polishing device described in Claim 1 characterized by the fact that the abovementioned 
pressure ring is configured irrotationally against its own axis line. 

[Claim 12] A polishing method in which the object to be polished is given a smooth and mirror finished 
surface by means of a device having a turntable with an abrasive cloth applied on the upper surface and a 
top ring, and the object to be polished is placed between the abovementioned turntable and the top ring, and 
a fixed power pressure is applied, and the pressure ring is arranged allowing free vertical motion around the 
top ring which has a concave part where the abovementioned object to be polished is accommodated, and 
the periphery of the grinding cloth comes in contact with the object to be polished as the pressure is applied 
with the pressure ring as a fixed thrust depending on the thrust of the top ring. 

[Claim 13] The polishing method described in Claim 12, characterized by the fact that the thrust imparted 
by the abovementioned top ring on the object to be polished, and the thrust imparted by the 
abovementioned pressure ring on the abrasion cloth can be changed independently. 

[Claim 14] The polishing method described in Claim 12 characterized by the fact that by making the thrust 
imparted by the abovementioned pressure ring on the abrasion cloth the same as the thrust imparted by the 
abovementioned top ring on the object to be polished, the fringe parts of the abovementioned object to be 
polished are equally as polished as the internal parts. 

(Claim 15] The polishing method described in Claim 12 characterized by the fact that by keeping the 
thrust imparted by the abovementioned pressure ring on the abrasion cloth less than the thrust imparted by 
the abovementioned top ring on the object to be polished, the fringe parts of the object to be polished are 
more polished than the internal parts. 

[Claim 16] The polishing method described in Claim 12 characterized by the fact that by keeping the thrust 
imparted by the abovementioned pressure ring on the abrasion cloth greater than the thrust imparted by the 
abovementioned top ring on the object to be polished, the fringe parts of the object to be polished are less 
polished than the internal parts. 

[Claim 17] A manufacturing method for a semiconductor characterized by the fact that a semiconductor 
wafer is placed between the turntable and the top ring for purposes of polishing the semiconductor wafer by 
applying a fixed thrust, and [the manufacturing method] has a pressure ring arrangment allowing free 
vertical motion on the circumference of the top ring, which has a concave part which accommodates the 
semiconductor wafer and the circumference of the abrasive cloth which comes in contact with the 
semiconductor wafer polishes while pressuring with a fixed thrust based on the thrust of the top ring. 

[Detailed explanation of the invention] 
[0001] 

[Field of the invention] 

This invention concerns a polishing device and method which gives a smooth and mirror polished surface 
to objects to be polished, such as semiconductor wafers, etc., and is especially concerned with a polishing 
device and method having a mechanism which controls the extent to which the fringe parts of an object are 
polished. 
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[0002] 

(Conventional Technology] 

Recently, along with the advances in the high integration of semiconductor devices, the wiring of the 
circuit is also being miniaturized, and the distance between wiring is also becoming narrower. Especially, 
when the width of the line is an optical lithography of less than 0.5um, since the allowed depth of the focus 
becomes shallow, an even level of the stepper image plane is needed. At that point,the surface of the 
semiconductor wafer must be smoothed, and polishing by a polishing device is one method for making it 
smooth. 

[0003] 

In the past, this kind of polishing device had a turntable and a top ring. The top ring imparted an even 
pressure on the turntable, and the object to be polished was placed between the turntable and the top ring. 
The surface of this object to be polished was made into a smooth and mirror finished surface by supplying a 
polishing liquid. 

[0004] 

In the abovementioned polishing device, the semiconductor wafer buildup area of the top ring had 
flexibility. For instance, a flexible mat, such as polyurethane, was applied. Experiments in which a uniform 
thrust was applied by the top ring to the object to be polished were performed. The purpose was to facilitate 
the polishing of the semiconductor wafer, partially by making the thrust uniform, and to improve the 
smoothness of the object to be polished. 

[0005] 

Figure 14 shows the principal parts of a conventional polishing device. The polishing device is equipped 
with a rotating turntable 4 1 , and an abrasive cloth 42 is applied on its upper surface. A top ring 45 holds the 
semiconductor wafer 43, which is the object to be polished, which can be rotated and pressurized .The 
polishing liquid supply nozzle 48 supplies the polishing liquid Q to the abrasive cloth 42. A top ring 45 is 
connected to the top ring shaft 49. Moreover, the top ring 45 is equipped with a flexible mat 47, such as 
polyurethane, on its under side, and [such ring] holds semiconductor wafer 43, which is put on the flexible 
mat. In addition, the top ring 45 is equipped with a cylindrical-shaped guide ring 46 in the outer fringe part 
so that the semiconductor wafer 43 will not detach from the under side of the top ring 45 while being 
polished. Here, the guide ring 46 is fixed with top ring 45 and the edge surface of this is formed to project 
from a buildup area of the top ring 45 and holds the semiconductor 43, which is the object to be polished in 
the buildup area. The top ring does not fall out during the polishing process due to the fractional force from 
the abrasive cloth 42. 

[0006] 

A semiconductor wafer 43 is held on the under side of the flexible mat 47 under the top ring 45 and 
polishing is performed when the semiconductor wafer 43 is pressed by the top ring 45 to the abrasive cloth 
42 on the turntable 41, and the turntable 41 and top ring 45 are rotated and the abrasive cloth 42 and 
semiconductor wafer 43 are moved relatively. At this time, polishing liquid Q is supplied from the 
polishing liquid supply nozzle 48 to the abrasive cloth 42. The polishing powder, for instance, consists of 
corpuscle in an alkali solution. Using this suspended powder, the semiconductor wafer is polished by a 
chemical polishing action with the alkali compound action and a mechanical polishing action using the 
polishing powder. 

[0007] 

Figure 15 is an enlarged sectional figure showing the semiconductor wafer at the time of polishing, the 
position of the abrasive cloth and the flexible mat. The fringe part of the semiconductor wafer 43, which is 
the object to be polished as shown in Figure 15, is the boundary of contact/non-contact with the abrasive 
cloth 42, and simultaneously, it is the boundary of contact/non-contact with the flexible mat. Therefore, the 
polishing pressure, which joins the object to be polished, is not uniform on the fringe parts of the object to 
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be polished, which is within these boundaries. Only the fringe parts of the objects to be polished were 
polished, and there was a problem of "edge sag". 

[0008] 

Figure 16 is a graph of two relations. First, the relation between a radial position, obtained by the finite 
element method, for a six-inch semiconductor wafer onto which a coated layer, such as Si0 2 is formed, and 
the polishing pressure, and second, the relation between film thickness and the radial position. The white 
circles in the figure shows the calculated value of the polishing pressure (gf/cm 2 ) obtained by the finite 
element method, and the black circles in the figure show the measured value of the film thickness after 
polishing. The polishing pressure obtained by the calculation is not uniform in the fringe part (70 -74 mm) 
of the semiconductor wafer. According to this, the film thickness is not uniform in the fringe part (70-73.5 
mm) of the semiconductor wafer. And, it is clear from the measurement value of the film thickness that the 
fringe part of the semiconductor wafer is over polished causing edge sagging. 

(0009] 

A guide ring is composed by means of a ring weight, in order to prevent edge sagging in the 
abovementioned semiconductor wafer. A configuration is employed (for example patent publication 
no. 1980- 157473) wherein the guide ring can move vertically between the top ring and the structure in 
which the abrasive cloth is pressed depending on the weight of the guide ring. Moreover, a configuration is 
employed (for example patent publication no. 1983-10193) wherein a spring is installed between the top 
ring and the guide ring, and depending on the power of the spring the guide ring is pressed on the abrasive 
cloth. 

[0010] 

[Problems that the invention is to solve] 

In the structure in which the polishing cloth is pressed depending on the abovementioned weight of the 
conventional pressure ring, the object to be polished and the polishing conditions, even if there is a change 
in thrust on the top ring [that is] pressed on the abrasive cloth, which [in turn] presses on the semiconductor 
wafer which is the object to be polished, the thrust which presses the guide ring onto the abrasive cloth is 
constant and cannot be changed. Because of this, there are cases in which the thrust on the abrasive cloth of 
the guide ring might be too low and too high compared to that of the top ring. Hence, there was a problem 
that only fringe parts of the semiconductor wafer were polished, with little polishing. 

10011] 

Moreover, in the structure in which the guide ring applies pressure on the abrasive cloth by means of the 
abovementioned spring power, the thrust is determined by the spring used and as mentioned above, even if 
there is a change in the thrust on the top ring that presses on the abrasive cloth, which [in turn] presses on 
the semiconductor wafer which is the object to be polished, the thrust which presses the guide ring onto the 
abrasive cloth is constant and cannot be changed. Because of this, there are cases where the thrust on the 
abrasive cloth of the guide ring might be too low and too high compared to that of the top ring. Hence, 
there was a problem that only fringe parts of the semiconductor wafer were polished, with little polishing. 



[0012] 

Considering the abovementioned circumstances, this invention aims to provide a polishing device and a 
method by which polishing with a high level of smoothness is achieved by installing a pressure ring on the 
circumference of the top ring. The pressure ring then imparts an optimal thrust on the abrasive cloth 
depending on the object to be polished and the polishing conditions and thus prevent excess and deficient 
polishing of the fringe parts of the object to be polished. 

[0013] 

Moreover, as there is a request to either increase or decrease the polishing of the fringe parts of the object 
to be polished compared with the interior [of such object], depending on the objects to be polished, such as 
semiconductor wafers, this invention aims to offer a polishing device and a method by which the extent to 
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which the fringe parts of the object to be polished can be intentionally increased or decreased to respond to 
this request. 

[0014] 

[Means of solving the problems] 

To achieve the abovementioned goals, the polishing device of this invention is characterized by changes in 
the thrust of the pressure means. This polishing device has a turntable on which an abrasive cloth is applied 
and a top ring. The object to be polished is put between the abovementioned turntable and the top ring, and 
the object to be polished is polished by fixed power pressure. In this polishing device, which gives a 
smooth and mirror finished surface, the pressure ring is arranged allowing free vertical motion on the 
circumference of the top ring that has the concave part where the abovementioned object to be polished is 
accommodated. The above mentioned pressure ring is installed with a pressure tool to pressurize the 
abrasive cloth. 

[0015] 

Moreover, the polishing method according to this invention has a turntable on which an abrasive cloth is 
applied on the upper surface and a top ring. The object to be polished is put between the abovementioned 
turntable and the top ring, and the fixed power pressure polishes the object to be polished. A pressure ring 
is arranged allowing free vertical motion, at the periphery of the top ring, [which ring] has a concave part 
where the abovementioned object to be polished is accommodated, and the polishing method gives a 
smooth and the mirror finished surface. This polishing method is characterized by the polishing in the 
circumference of the abrasive cloth, which comes in contact with the object to be polished, and the thrust of 
the pressure ring which is determined by the top ring thrust. 

[0016] 

Figure 1 shows the fundamental concepts of this invention. In figure 1, number 1 is the top ring. The top 
ring 1 has a concave part la where the semiconductor wafer 4, which is the object to be polished, is 
accommodated. The flexible mat 2 is applied under top ring 1. Moreover, the pressure ring 3 is arranged in 
the outer part of the top ring 1 . This pressure ring 3 comes free in the vertical direction from the top ring 1 . 

10017] 

In the abovementioned structure, the top ring 1 adjusts the thrust Fi (pressure and gf/cm for each unit area) 
that presses the semiconductor wafer 4, which is the object to be polished, onto the abrasive cloth 6 on the 
turntable 5. Moreover, pressure ring 3 adjusts thrust F 2 (Pressure and gf/cm 2 for each unit area) which 
presses the abrasive cloth 6. In addition, thrust Fi and F 2 can each be adjusted independently. Therefore, 
pressure ring 3 can change the thrust F 2 , which pressurizes the abrasive cloth 6, and the turntable 1 can 
change the semiconductor wafer 4 according to the thrust Fj which pressurizes the abrasive cloth 6. 

[0018] 

In this case, theoretically, if the thrust F] applied by the top ring 1 , which presses the semiconductor wafer 
4 on the abrasive cloth 6, is equal to the thrust F 2 , which is applied by the pressure ring 3 on the abrasive 
cloth 6, the polishing from the center part to the fringe parts of the semiconductor wafer 4, which is the 
object to be polished, will become uniform and additionally the distribution of the polishing pressure up to 
the outer periphery of the pressure ring, which is on the outer side of the semiconductor wafer 4, will 
become continuous and uniform. Therefore, excess and deficient polishing of the fringe parts of the 
semiconductor wafer 4, which is the object to be polished, can be prevented. 

[0019] 

Figure 2 is a pattern diagram of a case in which the relationship between the thrust Fi, which presses the 
semiconductor by the top ring 1 on the abrasive cloth 6, and the thrust F 2 , which is applied by the pressure 
ring 3 on the abrasive cloth 6, is changed. Figure 2(a) indicates Fj > F 2 . Figure 2(b) indicates Fj = F 2 . 
Figure 2(C) indicates Fj < F 2 . As shown in Figure 2(a), (b), and (c), when the thrust F 2 is added to the 
pressure ring 3, the abrasive cloth 6 is compressed. The contact status of the abrasive cloth 6 to the fringe 
parts of semiconductor wafer 4 change. Therefore, according to the change in the relationship between F] 
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and F 2 the polishing pressure distribution in the interior and the fringe parts of the semiconductor wafer 4 
can be changed. 

[0020] 

As is clear from Figure 2, when F, > F 2 , the polishing pressure on the fringe parts of the semiconductor 
wafer 4 increase more than the pressure on the interior. Polishing quantity of the semiconductor wafer 4 
fringe parts can be increased in comparison to the polishing quantity of the internal part. When Fr= F 2 , the 
distribution of the polishing pressure from the fringe parts to the center part of the semiconductor wafer 4, 
and the distribution of the polishing pressure to the outer part of the pressure ring, become continuous and 
uniform. Uniform polishing quantity is obtained from the center part to the fringe part of the semiconductor 
wafer 4. When F, < F 2 , the polishing pressure of the semiconductor wafer 4 fringe parts is lower than the 
interior pressure, and the polishing of the fringe parts of the semiconductor wafer 4 can be decreased in 
comparison to the polishing quantity of the interior. 

[0021] 

Figure 3 is a graph, which indicates the experiment results when the semiconductor wafer is polished on the 
basis of the fundamental concepts of this invention. The semiconductor wafer used was eight inches. 
Depending on the top ring, the thrust (polishing pressure) that joins the semiconductor wafer was fixed at 
400gf/cm 2 , the thrust of the pressure ring varied between 600 - 200gf/cm 2 . Figure 3(a) is the pressure ring 
thrust of 600gf/cm 2 , Figure3(b) is same thrust of 500gf/cm 2 , Figure 3(c) is same thrust of 400gf/cm2, 
Figure 3(d) is the same thrust of 300gf/cm 2 and Figure 3(e) is the same thrust of 200gf/cm 2 . In each figure, 
the horizontal axis indicates the distance (m) from the center of the semiconductor wafer, and the vertical 
axis indicates the polishing quantity (angstrom). 

[0022] It is clearly understood from Figure 3, that the amount of polishing at the radial direction position of 
the semiconductor wafer is influenced by the changes in the thrust of the pressure ring. In other words, 
when the thrust of the pressure is 200 - 300gf/cm 2 (as in Figure 3(d), Figure 3(e)), the edge sag is caused in 
the fringe parts of the semiconductor wafer. Similarly, when the thrust is 400 - 500gf/cm 2 (as in Figure 3(b), 
-Figure 3(c)), edge sag in the fringe part of the semiconductor wafer is less. Furthermore, when the thrust is 
600gf/cm 2 (as in Figure 3(a)), a polishing shortage is caused in the fringe part of the semiconductor wafer. 

[0023] As mentioned above, the result of the experiment was that the thrust of the pressure ring changed 
independently of the thrust of the top ring. By this, it was ensured that excess and deficient polishing could 
be adjusted in the fringe part of the object to be polished. Theoretically, when the thrust of the pressure ring 
is equal to the thrust of the top ring, the result of polishing of the fringe part of the object to be polished is 
sure to improve. However, because [the theory of this invention] cannot be generalized due to the object to 
be polished or the polishing conditions, based on the thrust of the top ring, the optimum value of thrust of 
the pressure ring is selected. 

[0024] Moreover, depending on the object to be polished, the semiconductor wafer etc., because there is a 
request to intentionally increase, or on the contrary decrease, the quantity of polishing on the interior of the 
fringe part of the object to be polished, the optimum value of thrust of the pressure ring is selected based on 
the thrust of the top ring. By doing so, the amount of polishing in the fringe part of the object to be polished 
can be intentionally increased or decreased, as desired. 

[0025] Furthermore, according to this invention, as the top ring has a concave portion which accommodates 
the object to be polished, when the pressure ring moves up and down against the top ring, the outer side of 
the object to be polished does not get scrubbed. Therefore, while polishing the object to be polished, any 
influence on polishing performance caused by the vertical motion of the pressure ring can be avoided. 

[0026] 

[Working Example] Below, a working example of the polishing device and the method in this invention is 
explained referring to Figures 4 and 5. Figure 4 is a sectional view, showing the entire structure of 
polishing device, while Figure 5 is a sectional view showing the relevant structure of the polishing device. 
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Figure 6 is an enlarged view of the parts of the top ring and pressure ring. In Figures 4 and 5, number l is a 
top ring, and below the top ring a flexible mat 2 is applied. Moreover, pressure ring 3 is aligned on the 
outer surface of the top ring 1. Moreover, the turntable 5, with an abrasive cloth applied on the upper 
surface, is installed below the top ring 1 . 

|0027] The abovementioned top ring 1 is connected with top ring shaft 8 through ball 7. This top ring shaft 
8 is connected to the air cylinder 10 for use with a top ring. Fixed on the top ring 9, the top ring shaft 8 
moves up and down with this air cylinder 1 0, for use with a top ring. In addition, the semiconductor wafer 4, 
maintained at the under side of the top ring 1 , is pressed on turntable 5. 

[0028] Moreover, the top ring shaft 8 is connected to the rotary tube 1 1 through a key (not shown in the 
figure). This rotary cylinder 1 1 has a timing pulley 12 on the outer part. The timing pulley 12 is connected 
to the timing pulley 15, which is installed on the motor 14 for use with the top ring through timing belt 13, 
fixed on the top ring head 9. Therefore, by activating motor 14 for use with the top ring in a rotary manner, 
through timing pulley 15, timing pulley 13 and timing pulley 12, rotary tube 1 1 and top ring shaft 8 are 
rotated at once, and top ring 1 starts rotating. Top ring head 9 is supported by top ring head shaft 16, which ■ 
is supported by the fixed frame (not shown in the figure). 

|0029] Pressure ring 3 is connected to top ring 1 through key 18. The pressure ring 3 moves up and down 
freely against the top ring 1 . Along with this movement, it is possible to rotate top ring 3 along with top 
ring 1 as one. And, pressure ring 3 is connected to air cylinder 22, for use with the pressure ring, through 
maintained bearing pressure foot 20 and shaft 21. Air cylinder 22, for use with the pressure ring, is fixed on 
the top ring head 9. Multiple air cylinders 22, for use with the pressure ring, are set (three of these in 
working example) on the circumference. 

J0030] Air cylinder 10, for use with the top ring, and air cylinder 22, for use with the pressure ring, are 
connected to compressed air source 24 through regulators Rl and R2 respectively. And, the compressed air 
supply to air cylinder 10, for use with the top ring, is regulated through regulator R. By such a regulation 
of compressed air, the top ring 1 can regulate the thrust of the semiconductor wafer that presses the 
abrasive cloth 6. The compressed air supply to air cylinder 22, for use with the pressure ring, is regulated 
through regulator R2. By such a regulation of compressed air, the pressure ring 3 can regulate the thrust 
which presses the abrasive cloth 6. Regulators Rl and R2 are controlled independently by the controller 
which is not shown in the figure. 

[0031] Moreover, above the turntable 5, the polishing liquid supply nozzle 25 is set up. And by this 
polishing liquid supply nozzle, the polishing liquid Q is supplied to the abrasive cloth on the turntable 5. 

[0032] Figure 6 is a detail drawing showing the structure of the top ring 1 and the pressure ring 3. As 
shown in Figure 6, the outer end part of top ring 1 has an under hanging part Is, and the concave portion la, 
which accommodates the semi conductor wafer 4, is formed by the under hanging part Is and the under 
surface of the top ring. 

[0033] In the above mentioned polishing structure, the semiconductor wafer 4 is maintained in the under 
surface of top ring 1, air cylinder 10, for use with the top ring, is operated, and top ring 1 is pressed in the 
direction of turntable 5. Hence, the semiconductor wafer 4 is pressed onto the abrasive cloth 6 of the upper 
surface of rotating turntable 5. Meanwhile, by letting out the polishing liquid Q from the liquid supplying 
nozzle, the polishing liquid Q is conserved on the abrasive cloth, the semiconductor's polished surface 
(under surface) is polished with the existing polishing liquid Q. 

[0034] According to the pressure of top ring 1 from the air cylinder 10, for use with the top ring, pressure to 
the abrasive cloth 6 by pressure ring 3 from air cylinder 22, for use with the pressure ring,, is suitably 
adjusted, and then, the semiconductor wafer 4 is polished. While polishing, pressure Fi,by which the top 
ring presses the semiconductor wafer 4 onto the abrasive cloth 6 of the turntable 5, can be changed by the 
regulator Rl . Pressure F 2 , by which the pressure ring 3 presses the abrasive cloth 6, can be changed by 
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regulator R2 (refer to figure l). Therefore, while polishing, the pressure F 2 , by which the pressure ring 3 
presses the abrasive cloth 6, can be changed in response to pressure F h by which the top ring 1 presses the 
semiconductor wafer 4 onto the abrasive cloth 6. Distribution of polishing and pressure, from the center 
part of the semiconductor wafer 4, to the fringe, and further to the periphery of pressure ring 3, which is on 
outer side of the semiconductor wafer 4 becomes continuous and uniform by properly adjusting the 
pressure F 2 in response to pressure Therefore, excess and deficient polishing of the rim part of 
semiconductor wafer 4 can be prevented. 

[0035] 

Moreover, if the polishing quantity of the interior of the semiconductor wafer 4 is to be intentionally 
increased or decreased in comparison to the fringe parts, the polishing quantity of the semiconductor wafer 
4 rim part can be increased or decreased by selecting the optimal value based on the force F] exerted on the 
top ring and the force F 2 exerted on the pressure ring. 

[0036] 

In this working example, as the top ring has a concave part la which accommodates the semiconductor 
wafer 4, when the pressure ring 3 is moved up and down towards the top ring 1 , there is no rubbing of the 
semiconductor wafer 4 periphery. Hence, while polishing the semiconductor wafer 4, the influence on the 
polishing efficiency caused by the up and down movement of pressure ring 3 can be avoided. 

|0037] 

Figure 7 shows working example 2 of this polishing device. In this working example, pressure ring 3, 
which is in the periphery of the top ring, is held by the pressure ring pressure foot 26, pressure ring pressure 
foot 26 is pressed by multiple rollers 27. The rollers 27 are attached to air cylinder 22, for use with the 
pressure ring, which is fixed to the top ring head 9 through shaft 28. The pressure ring 3 can rotate with the 
top ring 1 towards the top ring 1 by a vertical movement. This (pressure ring 3 can rotate with top ring 1) is 
similar to the working example shown in Figure 4 and figure 5. 

[0038] 

In this working example, while the top ring 1 is rotating, roller 27 is joined with the pressure ring press 26 
and rotates around its shaft center, and pressure ring 3 presses downward through pressure ring press 26 by 
means of roller 27. As a result, pressure ring 3 presses the abrasive cloth 6 by means of a fixed thrust. Other 
compositions are similar to the working example shown in Figures 4 and 5. Moreover, it is similar to the 
working example, the function of which is illustrated in Figures 4 and 5. As above, in the first working 
example and the second working example, it is installed around the top ring shaft 8 separately. Due to the 
transmission of thrust to the pressure ring through the material 21 and 28, without rotating with the top ring 
shaft 8, the thrust of the pressure ring cannot be changed, even during polishing while top ring is rotating. 

[0039] 

Figure 8 shows the third working example of the polishing device of this invention. In this working 
example, the pressure ring 3, which is on the outer part of the top ring 1, is connected to the air cylinder 3 1 
for use with the fixed pressure rings in top ring 1. The air cylinder 31, for use with the pressure ring, is 
connected to a compressed air source 24 through the communicating path 8a, the rotary joint 32, and the 
regulator R2 in the top ring shaft 8. 

[0040] 

Moreover, the air cylinder 10 for the top ring is connected to the compressed air source 24 through the 
regulator Rl as shown in the working example of Figure 4. Moreover, the regulators Rl and R2 are 
connected to a computing unit 33. 

[0041] 

In this working example, the semiconductor wafer 4 polishes by pressing the abrasive cloth by means of the 
thrust of the top ring 1 with the air cylinder 10 for use with the top ring. Moreover, the pressure ring 3 
presses on the abrasive cloth 6 by means of the air cylinder 3 1 , for use with the pressure ring,. When the 
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pressure ring 3 presses on the abrasive cloth, the pressure ring 3 receives the reactive force and influences 
the thrust of the top ring 1 . Therefore, in this working example, the setup value of the thrust of the top ring 
1 and the thrust of the pressure ring 3 is input into the computing unit 33, and the air pressure given to the 
air cylinder 31, for use with the pressure ring, the air cylinder 10, for use with the top ring, is varied by 
means of the computing unit 33. After adjusting regulators Rl and R2, the air of a fixed air pressure is 
supplied to the air cylinder 31, for use with the pressure ring, and air cylinder 10, for use with the top ring, 
respectively. As a result, the desired value is obtained for the thrust of the top ring 1 and the thrust of the 
pressure ring 3 respectively. That is, the thrust of the top ring 1 and the thrust of the pressure ring 3 are not . 
influenced by each other during polishing, and can be changed independently. Other configurations are 
similar to the working example shown in Figures 4 and 5. Moreover, the operating effect is also similar to 
that shown in Figures 4 and 5. Even in the 3rd working example, since the compressed air is supplied 
through the rotary joint, the thrust of the pressure ring can be changed even while the top ring is rotating 
during polishing. 

|0042] 

Figure 9 shows the 4th working example of the polishing device of this invention. In this working example, 
the pressure ring 3 in the outer part of the top ring 1 is connected to the air cylinder 35, for use with the 
pressure ring, through a shaft 34. The air cylinder 35 for the pressure ring is fixed on the top ring head 9. 
Multiple numbers of air cylinders 35, for use with pressure rings, are set on the circumference. 

[0043] 

Air cylinder 10, for use with the the top ring, and air cylinder 35, for use with the pressure ring, are 
connected to the compressed air source 24, through the regulators Rl and R2 respectively. And, the thrust 
applied to the abrasive cloth by means of the top ring pressing on the semiconductor wafer 4, can be 
regulated by adjusting the air pressure supplied to the air cylinder 10 for use with the the top ring, with the 
regulator Rl , and the thrust applied by the pressure ring by means of pressing the abrasive clothe can be 
regulated by adjusting the air pressure supplied to the air cylinder 35, for use with the pressure ring, with 
the regulator R2. 

[0044] 

In this working example, the means, such as keys, to transmit the rotation of the top ring 1 to the pressure 
ring 3 are not installed between the top ring 1 and the pressure ring 3. Therefore, during polishing, the top 
ring 1 rotates around the axis of the top ring shaft 8, but the pressure ring 3 is configured irrotationally 
against its own axis line. Therefore, since the turning effort of the top ring 1 is not transmitted to the 
pressure ring 3, the rotation load of the top ring shaft 8 is less, as compared to working examples 1 - 3. 
Moreover, since direct operation on the pressure ring 3 is possible by the air cylinder 35, for use with the 
pressure ring, which is fixed on the top ring head, the device structure becomes simple. Other 
configurations and the working effects are similar to the 1 st - 3 rd working examples as shown in Figures 4 - 
8. 

[0045] 

Figure 10 shows the transformation example of the top ring. A top ring 51 consists of a ring shaped 
material 54, which is fixed, and which can be detached using a bolt 53 in the under part of the outer side of 
the top ring main body 52, and top ring main body 52. The concave part 51, which accommodates the 
semiconductor wafer 4, is formed by using the under surface of the top ring main body 52 and the ring 
shaped material 54. And, the upper surface of semiconductor wafer 4 is maintained by the under surface of 
top ring main body 52. The ring shaped material maintains the outer side of the semiconductor wafer 4. The 
pressure ring 3 is installed where vertical motion is possible on the circumference of the top ring 51. 

[0046] 

Moreover, top ring main body 52 has an internal chamber 52a, containing a vacuum, and into which 
pressurized air and liquids, such as water, can be supplied. The top ring main body 52 has many lead 
(communicating) holes 52b, which open on the under side to communicate with the chamber 52a. The 
elasticity mat 2 also has openings 2a in the position, which correspond to the abovementioned lead holes 
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52b. As a result, the upper surface of semiconductor wafer 4 can be absorbed by the vacuum, and liquid or 
pressurized air can be supplied to the upper surface of the semiconductor wafer 4. 

[0047] 

According to this working example, the best material for the ring material 54 and the pressure ring 3 can be 
selected. The internal peripheral surface of the ring material 54 comes in contact with the semiconductor 
wafer 4, and since the bottom does not come in contact with the abrasive cloth 6, it can be selected from 
materials having comparatively soft surfaces, such as resins or metals whose surface is covered with resin. 
The reason is that the semiconductor wafer 4 might crack while polishing if a hard material is used. 

[0048] 

However, since the pressure ring 3 does not come in contact with the semiconductor wafer 4 but comes in 
contact with the abrasive cloth 6, its material can be selected from materials having high hardness and a 
high abrasion resistance, such as ceramic, etc. A pressure ring 3, which has less abrasion and whose 
frictional resistance with the abrasion cloth 6 is small, and whose abrasion powder does not have negative 
effects on the the semiconductor wafer 4 of the semiconducting device, is desirable. Since the pressure ring 
3 never comes in direct contact with the semiconductor wafer 4, as mentioned above, and as there is no 
restriction for its surface, the best material, which meets the abovementioned requirements, can be selected. 

[0049] 

Figure 1 1 shows the further transformation example of the top ring. Figure 1 1(a) is the cross sectional view, 
and Figured 1 (b) is the XI (b) view of Figure 1 1(a). In this working example, the top ring 61 has convexo- 
concave parts 61a all over the external and internal periphery. The pressure ring 63, installed on the 
circumference of the top ring 61, has convexo-concave parts 63a on the internal periphery. And, the 
convexo-concave parts 61a of the top ring are mutually connected with the convexo-concave parts 63a of 
the pressure ring 63. The top ring 61 and the pressure ring 63 can generally be rotated. The under side of 
the outer part of the top ring 61 has an under hanging part 61s, suspended in the downward direction. A 
concave part 61c is formed by this under hanging part 61s, and the under side of the top ring 61, where the 
semiconductor wafer 4 is accommodated. Moreover, the pressure ring 63 can have a vertical motion against 
the top ring 6 1 . According to this working example, even if the under hanging part 6 1 s of the top ring 6 1 is 
thick, since the convexo-concave part 63a of the pressure ring 63 can penetrate the internal under hanging 
part 61s of the top ring 61, it does not influence the thickness of the under hanging part 61s and can press 
on the abrasive cloth 6. 

[0050] Figure 32 shows the relevant structure of the 5 th working example of the polishing device in this 
invention. It shows the concrete structure of the top ring and its peripheral devices. The top ring 71 consists 
of a ring shaped material 74, having a fixed L shaped section. This L shaped section can be detached from 
the top ring mainframe 72 with a bolt 73, which is present at the outer part of the under side of the top ring 
mainframe 72. The concave part 71a ,which accommodates the semi-conductor wafer 4, is formed using 
the ring shaped material 74 and the lower surface of top ring mainframe 72. The upper surface of the 
semiconductor wafer 4 is maintained by the under surface of the top ring mainframe 72, and outer part of 
the semiconductor wafer 4 is maintained by the ring shaped material 74. The pressure ring 75 is installed on 
the periphery of the abovementioned top ring mainframe 72 and the ring shaped material 74, in such a way 
that its up and down movement is possible. 

[0051] The pressure ring 75 is composed of the first pressure ring part material 75a, which comes in 
contact with the abrasive cloth 6, consisting of a resin material at the lowest position. The second pressure 
ring part material 75b has an L shaped section on the upper part of the first pressure ring part material 75a, 
and the third pressure ring part material 75c, on the upper part of the second pressure ring part material 75b. 
The first and second ring materials 75a and 75b are affixed together by a tape 75d. The second and third 
ring materials 75b and 75c are affixed together with a bolt 76. The pressure ring 75 is connected with a pin 
78, fixed to the top ring main frame 72 and rotates as one piece. 



[0052] 
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Moreover, a mounting flange 80, having a concave sphere 80a, is fixed to the main body 72 of the top ring. 
Meanwhile, a driving shaft flange 82, which maintains the material 81, having a concave sphere 81a, is 
fixed to the bottom of the top ring shaft 8. A ball bearing 83 is installed between both the abovementioned 
concave spheres 80a and 8 1 a. A gap 85 is formed between the main body 72 of the top ring and the 
mounting flange 80. A vacuum, pressurized air, and liquids such as water, can be supplied to this gap 85. 
The main body 72 has multiple lead (communicating) holes 72a, which lead to the gap 85, and open on the 
under side. The elasticity mat 2 also has an opening 2a in a position which corresponds similarly to the 
abovementioned lead holes 72a. As a result, the upper surface of the semiconductor wafer (not shown in the 
figure) can be absorbed by the vacuum, or, the liquid or the pressurized air can be supplied to the upper 
surface of the semiconductor wafer. 

[0053] 

In this working example, the pressure ring 75 has a cross-section roughly in the shape of an L, and extends 
towards the main body 72 of the top ring. Therefore, the contact area of the pressure ring 75, corresponding 
to the abrasive cloth 6, can be enlarged without enlarging the outer diameter of the pressure ring 75. Similar 
to the working example shown in Figure 7, the pressure ring applies pressure on the abrasive cloth 6 by 
means of a roller 27, which has a vertical motion by means of the air cylinder. The operational effect of this 
working example is same as the working examples shown in Figures 1-11. 

[0054] 

Figure 13 is an explanatory drawing that shows an example of a case in which the quantity of polishing of 
the fringe part of the object to be polished is intentionally smaller than the quantity of the interior. In the 
example shown in Figure 13, the semiconductor device is configured from a base material 36 composed of 
silicon, and an oxide film 37 on the base material 39, a metallic film 38 on the oxide film 37, and an oxide 
film 39 on the metallic film 38. Figure 13(a) shows the state before polishing and Figure 13(b) shows the 
state after polishing. After polishing, the metallic film 38 is exposed to the fringe part of the semiconductor 
device. When it is washed with a chemical solution after polishing, the chemical solution penetrates the 
metallic film 38. It is desirable to reduce the quantity of polishing of the fringe part compared to the interior 
side, and to keep a thick oxide film 39 on the fringe part so as to prevent the chemical solution from 
penetrating the metallic film 38. This invention is suitable for such requirements. 

[0055] 

In addition, though the abovementioned working example refers to the polishing of a semiconductor wafer, 
it can certainly be applied to polish glassware, liquid crystal plates or ceramic products. Moreover, though 
the air cylinder was described as the pressurizing tool for the top ring 1 and pressure ring 3, a liquid 
pressure cylinder is also acceptable. In addition, though mechanical means were described as the 
pressurizing means of the pressure ring, electrical means using the piezo element or electromagnetic force 
can also be used. 

[0056] 

[Effects of the Invention] As explained above, according to the polishing device and the method of this 
invention, at the time of polishing, the non-uniform distribution of the thrust on the fringe part of the object 
to be polished is prevented, and the polishing pressure is made uniform over the entire surface of the object 
to be polished. It is possible to prevent excessive or deficient polishing on the fringe parts of the object to 
be polished. Therefore, all surfaces of the object to be polished can be polished to a smooth and a mirror 
finished surface. And, a polishing which is of a higher quality than the method using the semiconductor 
manufacturing process can be achieved. Moreover, because this product can even be supplied to the fringe 
parts of the semiconductor wafer, it also contributes to an improvement in the yield of semiconductor 
wafers. 

[0057] 

Also according to this invention, and in relation to the polishing of a semiconductor wafer, due to the 
intentional demand for greater or lesser polishing on the fringe as opposed to the interior of the object to be 
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polished, to answer this need, the amount of polishing on the fringe of the object to be polished can be 
intentionally made greater or lesser. 

1 0058] 

Moreover according to this invention, due to the fact that the top ring has a depression which 
accommodates the object to be polished, when the pressure ring moves in a vertical direction against the 
top ring, there is no friction with the outer surface of the object to be polished. Hence, while polishing the 
object to be polished, any affect on polishing performance, due to the vertical motion of the pressure ring, 
can be avoided. 

[Brief explanation of drawings] 

[Figure 1] It is an explanatory drawing by which the basic concept of this invention is explained. 

[Figure 2] It is an explanatory drawing, which explains the behavior when the relation between the thrust of 

the top ring and the thrust of the pressure ring is changed. 

[Figure 3] It is a graph, which shows the results of the experiment when the semiconductor wafer is 
polished, based on the basic concept of this invention. 

[Figure 4] It is a sectional view, which shows the entire configuration of the 1st working example of the 
polishing device of this invention. 

[Figure 5] It is a cross sectional view which shows the main part configuration of the 1 st working example 
of the polishing device in this invention. 

[Figure 6] It is figure, which shows the details of the top ring and the pressure ring in the 1st working 
example of this invention. 

[Figure 7] It is a cross sectional view which shows the main part configuration of the 2 nd working example 
of the polishing device in this invention. 

[Figure 8] It is a cross sectional view which shows the main part configuration of the 3 rd working example 
of the polishing device in this invention. 

[Figure 9] It is a cross sectional view which shows the main part configuration of the 4 th working example 
of the polishing device in this invention. 

[Figure 10] It is a figure which shows a transformation example of the top ring. 

[Figure 1 1] It is a figure which shows a further transformation example of the top ring. 

[Figure 12] It is a cross sectional view which shows the main part configuration of the 5th working 

example of the polishing device in this invention. 

[Figure 13] It is an explanatory drawing, which shows an example of a case in which the quantity of 
polishing of the fringe part of the object to be polished, compared with the internal side, has been reduced 
intentionally. 

[Figure 14] It is a cross sectional view showing the outline of the structure of a conventional polishing 
device. 

[Figure 15] It is an enlarged sectional drawing of the status of the semiconductor wafer, the abrasive cloth, 
and the elastic mat in the conventional polishing device. 

[Figure 16] It is a graph, which shows the relation between the radial position of the semiconductor wafer 
and the polishing pressure, and the relation between the radial position and the film thickness. 
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20 Bearing pressure foot 

22 Air cylinder for pressure ring 

24 Compressed air source 

25 Polishing liquid supply nozzle 

26 Pressure ring pressure foot 

27 Roller 

31,35 Air cylinder for pressure ring 

32 Rotary joint 

33 Computing unit 
36 Base material 
37, 39 Oxide film 

38 Metallic film 

R1,R2 Regulators 

51,61,71 Top ring 

52, 72 Top ring main body 

63, 75 Pressure ring 
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Figure 9 
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Figure 13 
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(54) POLISHING DEVICE AND POLISHING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polishing device and a 
polishing method capable of preventing the occurrence of the 
excess and deficiency of a polishing amount around the periphery 
of a polishing object, and performing a polishing process at a 
higher degree of flatness by causing a presser ring to apply an 
optimum pressing force to an abrasive cloth, depending on the 
polishing object or a polishing condition. 
SOLUTION: A polishing device is equipped with a turntable 5 
having an abrasive cloth 6 pasted to the upper surface, and a top 
ring 1, and holds a semiconductor wafer 4 between the turntable 5 
and the top ring 1 in such a state as pressed at the prescribed force. 
The semiconductor wafer 4 is thereby polished, flattened and 
finished to mirror surface. Regarding the polishing device so 
formed, a presser ring 3 is provided around the top ring 1 having a 
recess for housing the semiconductor wafer 4 in such a state as 
freely movable in a vertical direction, and a presser means is 
provided for pressing the presser ring 3 to the abrasive cloth 6. 
Also, the pressing force of the pressing means is made variable. 
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(54) [389U<Z>£;*] #ijys^ys«*j:ifc*« 

(57) [K»] 

[BUS] *9y ^^^4*rt«*ft#W& C"C» E 
5#y yW^gjoi^ffiSrStt-r^o 




hy^y^ifcWU BWB^-vy-^/ut hy^J 

yV-^SBo 

I»*«2] MBh^y y^^iJ r^m* 
wt, iWEhy^y v^as#y 

E*icS^T*£-ra r t *rW*fc-faill#* 1 Ett 

^Sf«*Jc4-*.5JfBE*Sr«rlB h y^y ^^^^U v 
if BE* £ liffH-i'f-S - fc «:» 

tffflMJ ic* 7L a if ffi* ^«ria h y :/ y y ^ # y y 
y Sif JE^f J; 9 /hS <~f%Zk Zftm 

■*aW#*3E*tf>#y yi/y^3SBo 
[Bl#*6] 8irE#y y^y^#**<&J8*»<&ffl« 

^#«W*lc#;iai¥ffi*«:lWE h y^y v^tf#y y 
^S*ft*(cJ*i5i¥BE* J: 9 < "fa r t £rft® 
t-T5fS*^3E®0^y y v^^Bo 

y^##(0^j||»|c*|llpriB^EIBSii*y y 

**(O^Ja«fB&«»-t5yy^*«Wfc^b<C9, ME 
# y y v-y ^*t**SriRS1- SiattttWE h^^y^ 

*vcv ^a r t t 1-a»#* i 7!?^ 6 w-rtifr 1 

^icia«^3Ky y^y^a e 
[fi*«8] «rEJfB£yy^<o»E*a(i, SEfta^ 

y a r. t £#?St-raffi#3S i 75^ 7 w>f 

[n*«9] tfrESKWE^y y^tthy^y 

3£$ixr^Sii*«*i:i-5tt*Jl8E«02Ky r> 



#035 fcflua $ tit ^ 5 r k fc * »** 1 E* 

o^y r»^io 

tby^y^ittU «IE# — y^-^i 

y y^toHi-tfy r^^tt^^s^ts^ 
^-eifBEi-art^iorttaKy yS'^atfttttw* 

mlE^y y i/y^*f*«*iR*"raBfl«»S:*Lfc h y:/ 

y y^jaHtcJfffiyv^tiTKS&cEau #y 

J; *9 hy^yy^JfBE^^K^v^»«SJxfc»ffi 

lfit*Sl 3] IMEhy^y vWJy^^Jj* 
Wc^5ifE*fcl»B*fEy v^W**!-**.*!? 

aM&Si 2ttH©#yy*/y^*iS. 

4] tflEtfy y VV^»*»<0H»«0>W 

W»* K 4 x. -5 }f fcfltJE h yT^y y^**aKy y 

1 5 ] «JE* y y ^*fft*rofl|»S|5<oW 
^flfB^c-^iSJTE^SriitrEby^y y^* s *y y 

[w*3Si 6i wia^y yixy^»**©jaa»^w 

^fiSrrt^^mS<t , 9^^<-ra<t 5tc, flflE^EEy 

y^W**lc4iaJf£EA«r«rE b y^y 

y ->v^»ft*«c4iaJfflE*± 0 < i-ar t *:« 

by^yy^tOlBlHipSlflc^ai/^ftS^r 

er>£ (Dii t*n j£i- z>-t\c£^x^ftv^^ *wm-r 

aicKLT, **fle*3i/NSriR*-rai!a««r*Lfchy 
^y y^HBJcJfffiy y^S:±T»afi^E«L, ^ 

»#^^Nds««i-aw«*^jaiiSr, Jfjsy v^kj; 
9 hy^y v^ojfE*fcS<3v^r»5£S*tfcffflE*"e 

[0 0 0 1] 

[«w^*-raft«»ifi ^sswtt^w**^*©* 
y yi/^^»*ftSr3pai.o«ffitttcw*i-a#y yf 

«»«SOWM«r*J#praaMII«rA«LfcaKy 
SS«*5J;tf*ife»clB1-a. 
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[0 0 0 2] 

^-^«*ffi<DSpfflflESr^Bt1-So *-T, 
flsi6<Dlf«iLT#y 2xi/V^*«lcJ:9W»^ sr. 
[0 0 0 3]«, r^a©3K» yi^y^aSUtt, 9- 

o#ffifcflFBLT^S. 

[0 0 0 4] ±5£Lfc#y y^V^gWcfc^T, Yv 
#y y^v^stft4fc^jDi-SJ¥E*«r*&-lcLj:5 t 

#y y^^swrtfcoTafttfti^^rtirBWt 

LT^5 0 

[0 0 0 5] Hi 4fM6*<03K!J yi/V^36«<0±!l« 

2$rfifiofclH!te*rs^->r-^/W4 1 ElteteJitf 
JfJERTfBtCaKy yS/^^*T*5¥»#*3^4 3 
S h yr/y ^^4 5 IM4 2fc«»Q«r 

fwe-rsiattttjfe > /x^4 8*r«x.-c^s 0 hy^yv 
*fc h s>:/y ^4 sttormztfy v^9>^<dw 

*ffl?^4 3Sr«»i-» 0 S5>lChy7 p y>^4 5 
tt, W**tt:i£»fl:£;c^4 3^hy/y >^4 5^T 

Bd»&^tt?S:v>J: 5li:i-5fcft v Htttt©#>f Ky 
4 6^^^§(s^{ix.-c^Sc WM^4 
enhy^y >^4 5«r«-LrH3estur*39, *<z>7 
«Btthy^y ^^4 5 05{ft»ffi^e>^ffli--&«t 5(c« 

So 

[0 0 0 6] >ifj:^x/N4 3*hy:/y V^4 5 <DT 
l±OWS^ftJ4 2fc¥»#$'^4 3* hy^y ^4 



ttic t s^flWWfftB t ic i o r £ 

[0 0 0 7] Hi sttWB^^atfr^^iBHKfii 
8M4^y hottt8S:*+«:*l»fflH"e*)*. IS 1 5 k:^ 
■fJ:5^ *y y^y^#*«"t?*>5 2 l £ **!>^ N 4 3 

oja»tt. 4 2 1 ow*/*i8«i©»»"cas>* i 
[0 0 0 8] bi 6tt¥W#*^^±fciMfcK (sio 

r^"PIS^& (finite element method ) T##>fc^ 

#«>fcWmEA (gf/cm 2 ) G>IUM(«rSU 
W^fefenfcWBiffi^tt***^^^©)!** (7 0 

-7 4mm) x^ty-xh *) , rftfcjfcDTMftt^NW* 

^✓NCOjSiRlfB (70-7 3. 5mm) T^*&--fc:#oT 
^/^cojaiS»d5iBW«^ * oT^fcH^^ DTI * £ tf> 
[0 0 0 9] ±»Lfc¥*#*^©*«ft&R 

±*tsfc^, Ky yy&v ^^(om^o^xoxm 

fiRU ^-f Ky V^thy^y V^Jc#LT±T»"5IIB 
iU Ky v^SStc J; otlSt^JfJEtSffi 
aSfcSffibfcfccDaSfcS («*.W!^ ^giBS5 5- 1 5 7 

4 7 3t) o hy^y^rtm h*y>?k<om 

tc^Sr^KD, ^*AicioT^f>f Kyv^«rW»* 

5 8- 1 0 1 9 3*) . 
[0 0 10] 

[36W*s»ftLJ:5t1-SWH] -b3fiLfc«*Ojf£Ey 
v^o**^J:oTWJi**»JE"*"5*!36ofcO(c*3V^ 
TIL sK'J y^V^ftflbWIiftft^JKDT, hy^ 

^irjfjaEi-sJfJE^^^jiDT^, #<{ h-yisfftmm 
t4^fc», hy^y v^cifff^i-Jt^T^>r Ky v 

[0 0 11] *fc, iSLfc/^iaot^ KJV 
^SrW^^JfEi-SSJSofcw^iiV^Ttt, ffiffi-fS 
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y^#y v ^^nmnx^^m^^^mmM 

[0 0 12] *»Wf4±»O»«ffc«*4Sixfc«>(0 

^»ft*^w**fr^iscrffEy y^wii*^*ai 

¥««<Oifi[v>W**rff5ri:^-CSS*y y^>mm 
[00 13] *»#i>3i/N*^aKy r> 

[0 0 14] 

fcfc#»w*>aKy ^yy^Utt, ±ffi(cw«**Ko 
fc^-y-r— ^/ufc hy^y y^i**TU it?JiB*-y 
T-J/ut h yzf}) >yb<Dm\z.ttV y-yy^*Hfe»*r 

«:#Lfc h y^coj^atcjfEy y^^±T»jS* 
(csbbu miaffEEy y^*BfB*{c#Lr»ffii-sff 

¥fmbi-z>hwhz> 0 

[0015] »fc*»wojKyyyy^*ifew:, ±bi- 

U ffirie^-y^-^ir h y:/y y^iowuctfy y 
^y^#**Sr^aES*-CBfS<o*-CjfEr* r i J: 

s*y y-yy^fttc*5v^. swa^y s^y^sta* 

«rtt»1-5DII«BSr^rtfc h y^y y^oflH^JfJEEy y 
^Wa^o^H^r, ftffiy y^tcJ: 9 h y^y y^^Jf 

[0 0 16] Hltt#»WOS#«^S:^*rBI"C*5, 

Hi leaser* «f*i i* h s/z/y y^-c^o, h^yy 

y^lttsKy !y^y^#ftflfc"C*>5*»ftl>^^4S:JR 
®i-Z>WUl a Sr*TL"C^S 0 b y^y y^ 1 «DTffifc 
l«Mt^y b 2j&sii»$*vt^S 0 Sfchy^yy/l 



y y^3»hy^y y^i fc*tb-c±T»Sfei-*ot 

[0 0 17l±a<Dirtli:*5t^ hy^yy^lAS* 

9tf>JE*, gf/cm 2 ) SrpjaJfcU ^fcJfEEyy^ 

BE*, gf/cm 2 ) «atV^„ *LT, Jfffi 

H-c**J;5U:4oTV*5 0 UfcdSoT, j?HE y y^3 
asffi«*6£#ffi^S»J£#F 2 Srhy^yy^l*s* 
»#!>^4«:W«*6icJfff-fSW£E*F 1 fcj£XT 

[o o 1 8] z<dw&, wmmm, 

*»#^a/N4«:W**6tC»ffii-5l¥ffi*F 1 <tff£ 
■y v^3*W»*6fc»E-r<5JfflE*F 2 b^L<ir 

tttf, #y r>v^Si-efc5^!)x/N4(ow 

EEy V^3 0^JB«*"COW*EAO»*d*«*36»oie 
[0 0 19] H2tthy^y V^l36S*»*(c*3i^4Sr 

w**s 6 ic}fE-r5»iE* f J bftjz y y^ 3 asw»* 

6 *JfJE1-5i¥E*F 2 toBII«S:aeAfc»'&-(0««;H 
"CfctK B2 (a) MtF^Fa^ifr&Sr^U i2 

(b) fiFx^FaOft'&Sr^U. H!2 (C) ttF^Fa 
cO^^^c H2 (a) , (b) , (c) \Z7F$t%Z> 

±5k* jfjiy y>/3icjfi£*F 2 ^ip^fc^, mm 

[0 0 2 0] H2*»feWe>J&»fc ± 5fc, F^F^m^ 

r>m^4«)**t»d»6ja3»«l5, S bici^JfJEy y^co^ 

tt5 0 F 1 <F a <Oii-&(Ctt^»<*:i>3:^4(OJ83»«fBOW 

[0 0 2 1] B 3 li*«W^S***lia<3v^-C**# 

«c±5*»#!?^^ilDt>Sl¥ffi* (^4 0 

0 g f/cm 2 T-^-Cfo 9 , Jfffi y y ^<0S JE^ft 6 0 0 
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-2 0 0 gf/cm 2 iTSEXLfcfcO"?**, H3 (a) 
(iifEU 0 0 gf/cm 2 , 03 (b) \t 

I^JfE^fcS 0 0 gf/cm 2 , 03 (c) tel^ifE^Sr 4 
0 0 gf/cm 2 , 03 (d) ltP}fJE^I$r3 0 0 gf/c 
m 2 , i3 (e) ttRIJf IE* £2 0 0 gf/cm 2 & LfcfcCO 

EIB (mm) , NEMttQFM (^^bn-A) 
1% 

[0 0 2 2] H 3 5^ JfEyv^cOjf 

JEU >?<!>W&M*2 0 0-3 0 0 gf/cm 2 (D4§-& (0 
3 (d) , 03 (e) ) iCtt, ^^^^^flUtWT? 

*5 5 , EA^ 4 0 0 - 5 0 0 g f/cm 
2 <DW& (03 (b) , 03 (c) ) \zn^m»9^ 

<Dmmn<DmtztL&'j?ft<, $b\z.mtt&fi# 6 o o g 
f/cm 2 (S3 (a) ) lat^mwv^nmmM 
xwm^&&±cx^z> 0 

[0023] «j:©j:5ic, wtee*A»e>jfEy^© 

WJ£j] ihy^yv ^cojf E* i (lair (^SEH-t- 5 - t 
E y v ^(Djf JE* (1 h y •? y v y*co J?E* i « LV^-g- 

■re*** 5 , #y r>y«*wwtttaot- 
y^y v^(DifjE*tc*^v^-c»iB3itttc»tRi-5. 

[0 0 2 4] *fc#W#*3i/N«f©sKy yi/^*** 
tffcSfcfc, r^^flic^UTt>JfEy V^cDjfEE^^r 

I0 0 2 5l S6«c#»W(cJ:*ttf, h^J^tt* 

xKy y»^»**owa*ic:ifffiy y^^±T» 

[0 0 2 6] 

y^y V^T*>!!K hy^y^^lC5TffiJcttSW4^y 



J4J¥Ey^^3^EilSixXv^5c Sefchy^y Vy*l 
<DT;&l::tt, ±ffilcWli*6*:li6ofc^— ?7v5 

[0 0 2 7] WEhy^y ^1 ttsK— ^7Sr^LT b 

y^y^^5/-r7h8«c»«SHT*3 9, roby^y 

7 b8ttby:/y K9lCHfi£ixfc b 

y:/y y^fflxrvy v^i otcgigSft-c&tK r<z> 
b y^y y^xr^yy^i o icj:ct b y^y 

[00 2 8] by^y^S'-V^bStt*— (0 

1^5. -t its i 2wt, 94 % 

hy^y v^ffl*-^ 1 4fcKtf6ftfc*>f 5^:/- 

y is, sv^/wb 1 3*3it;*^ ^vy'T'-y 

-flElcEIIBU by^y^ltfEMEi"*. hy^yv 
b y >^y V^y Ki/-T7 M6 ioT^fcSftT^ 

So 

[0 0 2 9] JfEy >?3\**-l 8^LT b 

y^y >?i\z.mmztix&*). ffsv>9 3tth^ 

y 1 \ZttLX±TW)&&X&Z>t t t«c h y^y V 
^1 fftclHHBpI»c*oTV^5 0 ^LT, Jf E y ^ 

^3tt^7y^i 9«r«»ufc^<r y y^ifx.2 0*3 

±t5^^7 Y2 lSr^LTifJEy >^x7yyy^2 

2ica^$^rv^^ 0 }fEy v^x7i/y >-^2 2« 

3iT v^y ^^2 2HRSJ:l:l*fi (*jtlS«T»tt3 
fi) IBKSttT^*. 

[0030] hs/^y y^^7y y 1 owjfE 

y y^x7i/yv^2 2(1. ^tfl^tl^^r^ v — 9 R 
1, R2*^LTJE*a*UK2 4JC»jRSJi-CV^ 0 ^ 
LT. ^aU-nil:J:oTh^J^ffix7i/ 
yv^l 0^tt«i-sa«UE*WI«i-5ri:lci:0 by 

yyy^i * ^ 4 «:«f«« 6 \m E-r « » e 
nyy^x7yyyy2 2^*isi-sa»ffiftpaEi- 

\c£ OJfEy v^3 sftSWIi* 6 &}fE^ 5 WBE* 
SrWSi-artAS-e**. ^»W^RlStfR2f4 

[0031] it 9 -yr-^/v 5 co±^(cim^ 

X/U 2 5 *SRBS tiX & *) , X>V 2 51: 

«toT^-yf^/V5± (^igli 6 ±\ZMW&WL Q d5 
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[0032] aerthy^yv^i tJfffiy >?3<Dm 

¥»(*l>3i^4*rJR5S-r*IMl«l a^f&£tvT^£o 
100 3 31 ±mffif&<D#}) yi/y^mm^^X, V 

jfn-rso ws«*yx/u2 53ft>e>w*ffiKQ* 

¥m&$^4<Dwmztiz>m (tbs) twB*6 

[00 3 4] hy/y^^^r>yyyioi:J;5h 
y^y ^ i ojf ffi^tcjs isrJfffi y y^xrv' y y 

^2 2l£j:Sjfffiy >^3<OBFB*6^©JfJE*S:ai: 

$->7—zf)V 5 ±OW«* 6 djf ffiiT SJf ffi*> F ^ 
8BE"e§\ u¥aU-*R2fcJ:oTJ¥ffiy:^3MjF 
««6«rJ¥ffi-*-5jTJE*F a *rSEHt?t5 (Bl* 

SB) o utaso-c, watt, jfiEy >^3j6s»Ffi*6 

^4SrWli*6(c:JfJE"rai¥flEAF 1 icjfcXT^lg-fS 
^t«t5 c ro}fJE^F 1 ^*t1"5J¥£E*F 2 £® 

tkUs *6tc|*^»#^3i/N4«0^«(c*>5ff£Ey 

5 0 ^Ofc46, ^«#9^40jS»»«cS3tf«WM 

[0 0 3 5] *fc****^4 0JSft«f|JT?rtffl«J:9 

tt, Jfffiy ^Ojfffi^F^h^y i/?<DWmj)F 1 

[0 0 3 6] *j|jft«^*5V>TW:, hy^Dv^ltt* 

EEy y^3^s h^y ^i£#lt±tih-*iri;:* 

«\ *W*1>3:/>40W« I PIC1¥E 1 J V^30±T»tw 
[0 0 3 7] H7ti*:*W<o*y yi/y^8fi^2i 

^ 1 <D*ffl«Nc*>5 Jf BE P > ^3 fijf ffi y V^Jf X 2 6 
(wJ:9««F$*X"C*5 9, JfEyy^»*2 6fl«S<BD 



So jfffiy v^ 3 36Shy^y^^itc#ur±Tiiia*E 

H5^-rKlfi«liB«t?fcSo 
[0 0 3 8] ***«fcj3V^tt. by^yv^KOia 
2 7ttJfJEy y^jft26 tftssuri* 

<ott*, Jf ffi y v ^ 3 itii* 6 &3r£ojf E^-ejf ffi 
-TSo toftofllritttBl4*5J:WH5K:*'J'Sat«iiai 

Kttblx, hy^y >?*/*7 V 8 iHtHcEHE-J-sr 
ittUteV^<t2 1X^2 8£^l/CJ¥ffiy V^Jfffi 

*3ftseastus©T?, flf«*-r*to-bhy^y ^^3650 

(Ef-efcott, »BEy v^Jfffi^SrSjEi-Sri* 
[0 0 3 9] B8H**W©sKy yi/^^SSBO»3 3l 
^1 SJf BE y ^31*. hy^y^ll: 

mfeztuzft&v >^rvy 3 i wats-ivc 
^So Jfffiy yymx-Tisv ^3 lfihy^y 

h8rt<D®i§&§8 a. D-^y^3-fyh32, 
i/^al/-n2^ UT£ESieffi«aK 2 4 ic^^nr 

[0040] tfchy^yy^fflxr^yyyi oub 

4£OSI«|«lii^«t- ^Rl Sr^LTffiBS*, 

M2 4tc&jgte;ix-ci^£o tti/^^Ri, R2 

«t«J|c»3 3lc«RSi^■rv^S 0 

[0 0 4 1] fcHftWfcjS^-Cfc, ^Sgft^^teh 

y/y^fflxrvy v^i oicts h^/y^i^ 
jfffiy >^3tt»£Ey y^x/i/y i tc<tor 

W«*6lc»JESix6 0 Jfffiy v^3SrW»*6Jc»JE 

i~si, Jfffiy 3 tts*«rSitr, hy/yy^i 

oJfffi^lcj^S$r^x.Sr ijcfti. iEr^fc^, *nfa 

W(c*3v^rtt, hs^^y ^^iojfjE*tifEy >^3 

©ffffi*OK5e«[S:»W»3 3^A*U S»*3 3 tc 

io-ch^yy^fflxr^y^i o^^uJjfffiy > 
^xr^y v^3 i tc#^ss«iE*St»u l^zt 

^yyy^xr^y o&£xff?my>?m^T 

y v ^ 1 Ojf ffi^ t Jf ffi y ^ ^ 3 <D}f ffi^3 1 L-c^rn^ 

y y^icojfffi^t Jfffiy 3 (Djfffi^n, w^*tc 
**i-Fn**SrS»t s r. t ft < aictr ^H^rfgicft o x 
v^So *©ffi©«*ttH4i3J:tJ t ia5^»1-*llfi«ira 

«T?foSo *fcf^ffl»* i bia4*5j;tfia5ic^"t-jas« 
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*Ja4 Vh^L"CBB«a**rtt»Lr^50T*. OF* 

[0 0 4 2] m9\t*%W<Dtf}) yi/W3&&<D%4% 
^1 Sftffiy V^3tt, v/t7F3 4^ 

jfjEU y^ix7^y^3 5 a b y^y y^y K9 

[0 0 4 3] hy?}) y/ffl^TVy V^l OXt^Jfffi 
1, R2*^^LTEElliS«aB2 4^C»Jtt$i^"CV^S 0 * 

lt, i/-^ r 1 icior h y^y v^fflxrv 

y y^l 0-ttie-rsS«ESrBiiE-r5ri:(c±9 by 
7>y V;/ 1 *S#»fle*3i/N4 6 tcjfjE-rs jfff 

*SrPB[-rs^fciS"e#, u^^i. * R2(:i:o-Cjf 

je y v ^ffl^r > yy^35 ^«jer *2«be 
5-<htcj:i9jfjEy>^3 jw** 6 z s jf e* 

[0 0 4 4] *SMt«^*3^T«:, by/yy^Uft 

v\ got, ffitlch^S^lllh^J^ 

hy^y^l <OHBE*35SJf BE y y ^ 3 v 
3H«S«tit(SU-C^4<4Se Jfffiy V^3* 

h^jv^y K9i;:B3esnfc#ffiy y^xrv 
y y^3 5«c±o-ciS«fWiS*5ct^-c* 

It, H4»SBl8«c*i-*l^!B3 5S16«tP]«-efc 

[0045] hi otshy^y >y<DmBm*7frrm'? 

ht>o h^yy^silt by:/y v^##5 2 4, 

r»KpriBtcH3£*tufcy y^ttffl«5 4 

^W#!>3iyN4S r iRa:i-SBfl*B5 1 a II by 7" y 

#5 2£>TS4 y v^tt«*t5 4fcJ:oT»riiS;h/r^ 

#£^4<0J:B«:fiy*U !)^tt«W5 4l:iot 

ttby^yv^si ©JSHfc±Ttt"prfei;iRtt fcti/Ci* 

[00 4 6] tyt, by^y 2 lift as 

^*5 2a^U ^(0ft^5 2 artier, JOJE 
yy V>/*^5 21*^^5 2 a 4aiiLTT®lcH 



fcHfiM-ffilBiliMLS 2 b jC*tJCUfctt«teMP 2 a £ 
^fLT^S. rixlCioT, ¥«#*^4<0±E«:* 

[004 7] tjtri, yv^««W5 4tif 

j£y v^a t«r*a4»Kot>o*ra«-r*c t^-c* 

[0 0 4 8] *fc«»fl=yy^3Hu ^#*^4lC& 

ttf-e**. JfEyv^3li. »«*s^4<, a»oWB 
;fc 6 4 <DJ»«fiR36S/hS < , X, if JE y y ^**«»# 

t^s&sffl*U\ WiEEy V^3H:±SfiUfcJ:5ic#»# 

[0 0 4 9] Hi lit, by^yv^ojElcKJeWSr* 
-fU^fe^ ill 1 (a) tttPrBH* Ell 1 (b) ttH 

1 1 (a) (OX I (b) ^aia-Cfc*. *jH6«lC*3^ 
Ttt, b y ^y >-^6 1 tt^ffiJC^HtCHoTODiaffl 

6 1a^LT^ 0 by^y >^6 l<0flHfcRtt6 

ixfcjfffiy 3»rtja«icEia«6 3a«rtuw 

5 0 ^U, by^y l<?5I!Dia«B6 1 atifffiy 

3<DQD[!bg|S6 3 a £ttSVMc«'&L't*5tK by 

yy 1 4#EEy 3 tn-#tciaiE-c*sj: 

5fcfeoT^5. by^y 1 (O^JBfflTttttT* 

l£fiTt"*ST«B6 1 s«r*L"C*3tK r(D^T95 6 1 
s 4 by^y l<0Tffil£±oT¥»#!>:*^4Sr 

na« 6 1 cjftsjB^sttTv^a. amy y 

^6 3tthy^!)^6 l^*TL"C±TlbartB*J:)fcoT 
\<^Z> 0 *mMM\C*.ti&, 10STIB6 
1 sOJSS#ff< it, Jfffy 3<DDflia^6 3 a 

^by^y ^^6 10^Ta56 1 sOrtSPtcA^iitr^ 

[0 0 5 0] Ell 2tt*»MOsKy y*si/?mt<nf&$ 

^7 111 hy^9^*»7 2t, bjx^yv^*flc 

7 2 OT«B*bJS«l!:#yw b 7 3 J;o-C»»priB«cHE 
SixfcL»«©l»ffl*r*-J-6 y y^«S«f 7 4 4d*b4 
*9 . ^a»flc i> 4 SriR*-t- S M« 7 1 aliby^y > 
>f*& 7 2 <£>7® 4 y V 7 4 M <t o T^fig * tl 

rv>s 0 *ur, f^/y >^7 2^T@iac-c 

^Wft:5r3i/>4 0±BSr»J*U y y ^tt«*f 7 4 m J: 
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©JBHfcttflffiy v^7 5#±T»"5riBlcK(te5ttrv^ 

So 

[0 0 5 1] #JEy y^7 5tt, ftTftglCfcoTtttflg 

ah »l»EEy >?ntt7 5 a<0±2rlC*>aLJ#R0 
»f®S:^i-^»2ifJE!J >?Utt7 5b k, »2}fJE!J 
5 b0>±#fc*5i|3jf JEy >?Utt7 5 c 

7 5b|j:r-/7 5 dSr^tr— »tcB£*fi/Tt^o 
»2, IB3 P V^»W7 5 b, 7 5 cttsK/Wh 7 6 1CJ; 
ot-«:iS$tltV^ 0 JTJEy ^7 5tt hy/U 
^##7 2fcB3££;IxfctfV7 8 i:^LX-fti:[E] 

[0 0 5 2] £fc hy/!) y^*^7 2lCtt|MI«ffi8 0 

b^yvm^ h8 0T«l:tt, Dfl*B8 l aSr* 
LfctMf8 1 Sr«»LfcK»<*7 9^8 2;&SH5£**i 
"CV^So ^LT, Hfri£pE][U]5S®8 0 a, SlaNBKtt, 

3K^ry^^8 3^3g*ii"c^s 0 hs/^yy 

^*W7 2 t»W79V^8 0fc<DR|l;:[*af+:y:/8 5 

#7 2(^ty/8 5 fcigiiLTTWClBprS**© 
»«?L7 2 a Sr^TLTV^o »tt^ y h 2 tRIWcMIB 
5KML7 2 a id^fJEbfc^H^MP 2 a St^TUT^S. 

[0 0 5 3] *5at«(C45^"Ctt, Jfffiyy^7 5^« 

5 flH 7 fc^ri«tt« t i/jy^to T± 

TSj$n^n-7 2 7^J;o"CW**6ic*fLTi¥ES 
tt5o *H16«ofPffla*ttBll75MSIl lfci^Lfc* 

[0 0 5 4] H 1 3 ttaK y y 5^^#**<0H«ffi*rt 

WHT**So Bl3l:St«m ^Wft^^^tt, 
Vy3^^%51tf3 6h g#3 6±<Dg£>fbfl||3 7 
IMUl3 7±(04*ll3 8t, 4IK3 8±©iWIS 
R3 9 kfrt>mi8L£tlX^Z>o Hi 3 (a) ttflfliSttO 
ttttSr^U 013 (b) MIf«i$:/Tto 9F* 

mat, *m#T'*j xom»tt-e&m»3 8tfimmi, 

"Ci*S. «F**lcJ8««»i-«i:, mi 3 (c) i^^i- 
J:5(cAJW)l3 8*sj6»(cJ:o-c«SHao &SBI3 8 
*SI«tw«*ix/j:v^J;5^1"*fci«>«^ Hi 3 (d) 



*»<0BMkBl3 9S:J|t<»i-ii:**»*bv\ C£><fc5 
[0 0 5 5] fiJL±<z?3ljtt«tt^y y 

*fc hy^y V^l*5j:WffJEy Vi/3 0}¥ffi^Si: L 

rair^y ^tRwifc*, **E->y >yxh^ 

[0 0 5 6] 

^SftteJ;tf#fcJCJ:*itf, #y y^^WRLT^y 
StcHoT^-KU aKy y-»^*t**<OJS»«B<©W 

tpKoS5v>7Ky yS/v^Srfi^ - ktfXZ, *fc*SI# 
[0 0 5 7] 4fc*»w^J;ntf, ¥mft$='^<ntf 

y y^^^*fftft^J;or»iaKy y*>^^#«*^JB» 
fc^fc^5!Ma s *>5fcft* ^©iOllfcfc**.*^*** 

[0 0 5 8] S &fc3WBWfcJ:*bfi* hs'T'y y^ttstf 
y y^^^«tiR*^SIH»*WU-C^5fcft % If 

EEyy^shy^y v^«c*tb-c±T»+siR^ #y 

ft, #y y^^»«*05W**{cifBEy >^o±T» 

k x 9 arr z>wm&m^<v&w*mrt zzk t s 0 

[HI] **W©**«*«rRW-*-S«WH-C*>5. 
[B2] by79>?<Oft&*)kft&V>yoffm2)<D 

[H3] *%W<D&*&&\cm^^X^ft<7^$:W 

[H4] *«Wtc«5*y yW^SStOjSlJJSW© 

[H5] *3SSB^«**y y V^^»«^*lStllt«<D 

[H6] **w^««*y 2x^^^as«o»i jtftwc: 

*5(t5 h y^y v^fcifEEy ^-/©BjRBSr^i-Ht?*) 

So 

[B7] *»W*;:«*#y y>^^3S««)»2*lfc«(D 
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5 






[0 8] yi/^^JKia©»3 3ttS«© 


6 








7 




/u 


[09] y ^^^»K©!B4ltlfi«© 


8 








9 






[010] hy^yy^o«««Sr*-rH"CfcSo 


1 


0 






1 


8 




[012] *3MJjc«3#y y^^^««<0*5**W 


1 


9 






2 


0 




[HI 3] #y y ^^^^«ojaiMS«:A«fllJ:9« 


2 


2 






2 


4 




So 


2 


5 




[Ell 4] ft*<B#y yW^SSIlolRBMIiBSr^+Kf 


2 


6 


ifjEy v^j?*. 




2 


7 




[His] fl§*osKy yt/isjrmmz&ttz^mftv* 


3 


1 , 


35 jfmy y^ffl^ri/y 




3 


2 


n-^ y v^a^rvh 


So 


3 


3 




[016] ¥»#t?o:/N©*S*lRl(tBfcW*JE*iO 


3 


6 






3 


7, 


3 9 KMtiR 


So 


3 


8 






R 


1, 


R2 Mfal/— * 


1 byryy^ 


5 


1, 


6 1,71 hy?V ^ 


2 #14-7^ 


5 


2, 


7 2 Fy^jy/** 


3 ftJ£V>? 


6 


3, 


7 5 JfEEy^^ 



4 iNlfls^atyN 

[HI] [05] 




42 
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[H7l 



imi i ] 
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im9] 





[HI 6] 




75 T4 73 72 71 70 69 68 67 66 65 M 63 62 61 BO 
OXMCD^S^ftttlE (mm) 
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[Hi 2] 




[HI 3] 



(a) Polish^* 



Brtb«:37 
B»bSt:39 



(b) Polish** 
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